Background: Maternal nutrition status during pregnancy may affect fetal tooth development, formation, and mineralization, and may affect dental caries susceptibility in children. We investigated the association between maternal intake of dairy products and calcium during pregnancy and the risk of childhood dental caries.
Background
Dental caries is the most common chronic disease of childhood worldwide. Though not life threatening, caries can cause pain and discomfort and reduce food intake, thereby affecting children's quality of life [1] . Dental caries is a multi-factorial disease that is affected by physical and biological factors (morphology and composition of teeth, cariogenic bacteria, and fluoride exposure), lifestyle and behavioral factors (oral hygiene practices and dietary habits), and social status [2, 3] .
Primary tooth formation and mineralization starts during fetal development. Therefore the intrauterine environment, including maternal nutritional status, might play an important role in tooth development, formation, and mineralization [4, 5] . Previous studies on the association between nutritional status and dental caries have mostly focused on malnutrition, and have shown that malnutrition affects tooth development and eruption and results in an increased rate of dental caries later in life [6] [7] [8] . Little is known, however, about the effects of maternal dietary intake during pregnancy on children's dental health. In order to reduce the incidence of dental caries, greater knowledge not only of the deleterious effects of malnutrition but also of the beneficial effects of appropriate maternal dietary intake on dental health is needed.
The importance of calcium intake during pregnancy has been suggested with regard to caries prevention in children. To our knowledge, two epidemiological studies have addressed the association between maternal calcium supplementation during pregnancy and caries in children [9, 10] . A follow-up study of a randomized controlled trial in Argentina showed that maternal calcium supplementation during pregnancy was significantly inversely associated with dental caries in children at 12 years of age [9] . In another longitudinal study in Thailand, the incremental risk of caries between 9 and 12 months of age was lower among children whose mothers had received calcium supplements during pregnancy [10] . The purpose of this prospective study was to investigate the association between maternal intake of dairy products and calcium during pregnancy and the risk of dental caries in young Japanese children, using data from the Osaka Maternal and Child Health Study (OMCHS).
Methods

Study population
The OMCHS was a prospective cohort study to investigate risk and preventive factors for maternal and child health problems. Details of the baseline survey of the OMCHS, which was conducted during pregnancy, have been described elsewhere [11] . Out of the 494 mother-child pairs who participated in all five surveys, 318 children received oral examinations when they were between 41 and 50 months of age. The current study was restricted to children whose mothers provided complete information on the variables under study, leaving data on 315 children available for analysis. The ethics committee of the Osaka City University School of Medicine approved the study.
Outcome variable
Visual oral examinations between 41 and 50 months of age were performed by dental hygienists. The number of dental caries was recorded as the number of decayed or filled primary teeth (dft). The reasons for missing teeth were not identified in the OMCHS. Therefore, in the present study, children were classified as having dental caries if one or more primary teeth had decayed or been filled.
Exposure variables and covariates
The baseline survey consisted of a set of two selfadministered questionnaires. In addition, a selfadministered questionnaire was used at the time of each follow-up survey, with participants mailing completed questionnaires to the data management center. Research technicians completed or corrected missing or illogical data by conducting telephone interviews with individual participants.
One of the self-administered questionnaires at baseline was a semi-quantitative, comprehensive diet history questionnaire (DHQ) that assessed dietary habits during the preceding month [12, 13] . Estimates of daily intake of foods (150 items in total), energy, and selected nutrients were calculated using an ad hoc computer algorithm for the DHQ, based on the Standard Tables of Food Composition in Japan [14, 15] . Total dairy product intake was defined as the sum of milk, yogurt and cheese intake. Information on dietary supplements was not used due to the lack of a reliable composition table for dietary supplements in Japan. Also, only a small number of participants (6.0 %) used calcium supplements at least once per week. According to a validation study of 92 females aged 31-69 years, Pearson's correlation coefficient between the DHQ and 16-day weighted dietary records was 0.51 for calcium (unpublished data). Energyadjusted intake by the residual method was used for the analyses [16] .
A second questionnaire at baseline asked about maternal age, gestation, family income, maternal and paternal educational levels, and smoking habits.
The second survey consisted of a self-administered questionnaire that elicited information about the baby's sex. The third survey consisted of a self-administered questionnaire that included questions about breastfeeding duration and the age in months at which solid foods were introduced. Breastfeeding duration was defined as the length of the period during which infants received breast milk, regardless of exclusivity. The fourth survey consisted of a questionnaire that elicited information about the age in months at first tooth eruption and about toothbrushing frequency in the child. In the fifth survey, each participant filled out a set of two selfadministered questionnaires. One of the selfadministered questionnaires was a brief diet history questionnaire that assessed the dietary habits of the child over the previous month. Mothers of children were asked to state how frequently their children consumed each of 51 selected food and non-alcoholic beverage items. Total dairy products intake by children was defined as the sum of milk, yogurt, and cheese intake. A second questionnaire included questions about toothbrushing frequency in the child, use of fluoride, pattern of professional dental care, and household smoking. The use of fluoride was defined as positive if mothers reported that their children used fluoride agents, such as toothpastes or gels. Household smoking was defined as positive if someone in the household reported smoking cigarettes.
Statistical analyses
Intake of the dietary factors under study was categorized into tertiles based on its distribution in 315 subjects. Maternal age and gestation at the time of the baseline survey, family income, maternal and paternal educational levels, maternal smoking during pregnancy, the child's gender, duration of breastfeeding, age when solid foods were introduced, age at first tooth eruption, toothbrushing frequency in the child as reported in the fourth and fifth surveys, use of fluoride, pattern of dental check-ups, household smoking as reported in the fifth survey, age at oral examination, and children's total dairy products intake frequency were a priori selected as potential confounding factors.
Logistic regression analysis was performed to estimate crude odds ratios (ORs) and 95 % confidence intervals (CIs) for dental caries according to the tertile of intake of the dietary factors under investigation, with the lowest tertile as the reference. Multiple logistic regression analysis was employed to adjust for potential confounding factors. To test for linear trends across the tertiles of maternal intake of dairy products and calcium, we assigned a median value for the study population to each category and used these values as a continuous variable. Two-sided P values less than 0.05 were considered statistically significant. All statistical analyses were performed using the SAS software package, version 9.2 (SAS Institute, Cary, NC, USA).
Results
There were no material differences between the 687 children whose mothers participated in the baseline survey of the OMCHS but who were excluded from the present study and the 315 study subjects with regard to distribution of gestation at baseline or maternal intake of total energy, milk, or cheese during pregnancy. Compared with the 687 children who were excluded from the present analysis, the 315 study subjects were more likely to have older mothers, report higher family income, have parents with relatively high educational levels, and have high intake levels of yogurt and calcium, while they were less likely to have been exposed to maternal smoking during pregnancy (Table 1) .
Of the 315 children in the cohort, 74 (23.5 %) had developed dental caries by the time of the fifth survey, between 41 and 50 months of age. The mean number of decayed or filled primary teeth (dft) was 0.87. Approximately 14 % of the mothers indicated that they had smoked cigarettes during pregnancy (Table 2) . Toothbrushing two or more times per day was reported at the fourth and fifth surveys in 36 % and 47 % of the subjects, respectively. Agents containing fluoride, such as toothpastes or gels, were used by approximately 83 % of the children, and approximately 40 % of the children received regular dental check-ups. Household smoking as reported during the fifth survey occurred in 37.1 % of our study subjects' families. Maternal mean daily total energy consumption was 7564.7 kJ, and energy-adjusted intake of total dairy products and calcium were 179.4 g, and 556.1 mg, respectively (Table 3 ).
Pearson's correlation coefficients between maternal intake of milk, yogurt, and cheese and total calcium intake were 0.74 (95 % CI: 0.68-0.78), 0.43 (95 % CI: 0.33-0.52), and 0.38 (95 % CI: 0.28-0.47), respectively.
Compared with the lowest tertile of maternal cheese intake during pregnancy, the highest tertile was significantly inversely associated with the risk of dental caries in children, showing a clear inverse dose-response relationship (the adjusted OR for the highest tertile = 0.37, 95 % CI: 0.17-0.76, P for trend = 0.01) ( Table 4 ). The inverse associations between maternal intake of total dairy products and yogurt during pregnancy and the risk of dental caries in children were of borderline significance: the adjusted ORs for the highest tertiles compared with the lowest tertiles of total dairy products and yogurt intake were 0.51 (95 % CI: 0.23-1.09, P for trend = 0.08) and 0.51 (95 % CI: 0.23-1.10, P for trend = 0.07), respectively. No evident relationship was observed between maternal milk intake during pregnancy and the risk of dental caries in children. Maternal calcium intake during pregnancy tended to be inversely associated with the risk of dental caries in children: the adjusted OR for the highest tertile versus the lowest was 0.50 (95 % CI: 0.23-1.07, P for trend = 0.08).
To examine whether the association of maternal intake of total dairy products, yogurt, and cheese during pregnancy with the risk of dental caries in children could be attributed to calcium intake, we conducted an additional analysis in which we adjusted for maternal calcium intake during pregnancy as a continuous variable. In this analysis, the inverse association of maternal cheese intake during pregnancy with the risk of dental caries in children was essentially unaltered after further adjustment for maternal intake of calcium during pregnancy: the additionally adjusted ORs from the lowest intake tertile to highest were 1.00 (reference), 0.57 (95 % CI: 0.27-1.16), and 0.40 (0.18-0.86), respectively (P for trend = 0.03). Conversely, the marginally significant inverse associations between intake of total dairy products and yogurt in the highest tertile and the risk of dental caries in children were attenuated after further adjustment for maternal calcium intake: the additionally adjusted ORs were 0.58 (95 % CI: 0.19-1.70, P for trend = 0.33) and 0.58 (95 % CI: 0.25-1.32, P for trend = 0.18), respectively.
Discussion
In this prospective study in Japan, we found that higher maternal intake of cheese during pregnancy was associated with a decreased risk of dental caries in children. Higher maternal intake of total dairy products, yogurt, and calcium during pregnancy tended to be associated with a reduced risk of dental caries in children, although there was no evident association between maternal milk intake and the risk of childhood dental caries. To our knowledge, this is the first study to assess the possible inverse association between maternal dietary calcium intake during pregnancy and dental caries in children. Our results are in partial agreement with previous findings showing an inverse relationship between maternal calcium intake by supplement during pregnancy and dental caries in children [9, 10] .
The potential protective effects of maternal intake of total dairy products and yogurt during pregnancy on caries in children were attenuated when we additionally controlled for maternal calcium intake during pregnancy in this study. Therefore, the beneficial association between maternal intake of total dairy products and yogurt Table 1 Characteristics and distribution of daily intake of dairy products and calcium at baseline in the study population (n = 315) as compared with the non-participating or excluded subjects (n = 687), OMCHS, Japan Nutrient intake and food intake were adjusted for total energy intake using the residual method in a total of 1002 subjects.
and dental caries in children may be ascribed to some extent to calcium intake or to unmeasured constituents in relation to calcium. Primary tooth formation and mineralization usually begins at the 13th week of gestation. Higher maternal calcium intake during pregnancy might influence tooth mineralization, causing tooth enamel to be more acid-resistant [10] . Additionally, teeth are known to accumulate lead during development [17] . Both animal and human studies have shown that teeth with high lead levels are generally more susceptible to dental caries [17] . Ettinger et al. [18] have demonstrated that calcium supplementation during pregnancy was associated with reduced blood lead levels. Maternal lead level might therefore be another important factor affecting the mineralization of teeth.
In the current study, the risk reduction associated with maternal intake of cheese during pregnancy did not appear to be confounded by calcium intake. We have no immediate explanation for the potential mechanisms underlying the observed inverse association between cheese intake and dental caries. Thus components of cheese other than calcium might be responsible for the protective effects of maternal cheese intake against dental caries in children. Alternatively, high maternal intake of cheese may simply reflect a healthier diet and/or lifestyle in general. The observed beneficial effect of maternal cheese intake on dental caries in children might therefore be spurious. In addition, high maternal intake of cheese during pregnancy may reflect high intake of cheese by children after the introduction of solid foods. Intake levels of foods and nutrients are strongly correlated between mothers and children [19, 20] , and some cross-sectional studies have shown a significant inverse association Cheese (g) 5.8 ± 8.9
Calcium (mg) 556.1 ± 168.3
Nutrient intake and food intake were adjusted for total energy intake using the residual method. Children's dairy products intake at fifth survey (times/week) 12.3 (8.6) between cheese intake and the prevalence of dental caries [21, 22] . It is possible that both prenatal and postnatal cheese intake are protective against childhood dental caries. In the present study, however, the Pearson's correlation coefficients between maternal intake of energyadjusted milk, yogurt, and cheese during pregnancy and children's intake frequency of milk, yogurt, and cheese at the fifth survey were 0.22 (95 % CI: 0.11-0.32), 0.16 (95 % CI: 0.05-0.26), and 0.08 (95 % CI: -0.03-0.19), respectively. Thus maternal dairy products intake during pregnancy is likely to have little relation to the children's frequency of dairy products intake in the present study. Our previous cross-sectional study among Japanese children aged 3 years found an inverse association between intake of yogurt, but not cheese or milk, and the prevalence of dental caries in children [23] . This is at variance with our present findings. Our observed results may be merely a consequence of multiple testing and/or chance. Our study has methodological strengths. The prospective design probably reduced the likelihood of recall bias, and we were able to control for relevant confounding factors. However, we cannot completely exclude the possibility that unknown or residual confounding factors have biased our data. Table 4 Odds ratios and 95 % confidence intervals for dental caries according to tertile of maternal intake of dairy products and calcium during pregnancy in 315 children, OMCHS, Japan There are limitations to be considered as well. First, our DHQ could only approximate consumption. The most likely effect of this would an underestimation of values in our results. Our DHQ was designed to assess recent dietary intake, specifically, for one month prior to completing the questionnaire. It is possible that the pregnant women in this study had departed from their typical diets for reasons such as nausea gravidarum. However, Cucó et al. [24] have shown that dietary patterns remain fairly constant throughout pregnancy. Therefore, food intake information obtained at one point during pregnancy is likely to reliably represent food intake throughout pregnancy.
Second, selection bias could have affected our results. Of the 1,002 participants at baseline, only 315 children (31.4 %) were included in this analysis. Moreover, at baseline, the participation rate for those living in Neyagawa City was only 17.2 % of the total number of pregnant mothers. In other areas, the participation rate could not be calculated because the exact numbers of eligible subjects among the populations from which participants were recruited were not available. Thus, the children in this study are probably not truly representative of the general population. In fact, educational levels were higher in the parents in our study than in the general population [25] . In addition, only 23.5 % of our children had dental caries at 41-50 months of age. According to the National Survey of Dental Disease conducted in 2005 [26] , the prevalence of dental caries in their sample of 4-year-old Japanese children was 44.2 %. The population we surveyed might have maintained a greater awareness concerning oral health than the general population has, and this could have influenced the results. With regard to dietary intake, calcium intake in this study population is similar to that in the general population. According to the National Health and Nutrition Survey in Japan, the average daily per capita intake of calcium was 531.1 mg [27] , whereas the mean daily intake of our study subjects was 556.1 mg.
Third, we might have had insufficient power to detect possible associations given the small number of study subjects. It is also possible that the small degree of variation in intake of dairy products among Japanese people helped to obscure the associations between maternal intake of dairy products during pregnancy and the risk of dental caries in children. According to the National Health and Nutrition Survey in Japan, the average daily per capita intake of milk and dairy products was 123.9 g [27] . In the US between 1999 and 2004, in contrast, the average daily per capita consumption of dairy products by women was 240 g [28] . The difference in consumption of dairy products between Japanese and Western populations should be taken into account when interpreting our results. A clear protective association of dairy products and calcium with dental caries may exist in populations with high intake of dairy products and calcium. The results obtained in the present study, therefore, are not likely to be generalized worldwide.
Fourth, oral examinations were performed by dental hygienists. The dental hygienists were given detailed criteria for performing the examinations, but they received no specific training in standardizing their examinations. Additionally, since radiography was not employed, approximal lesions may have been underdiagnosed, leading to non-differential misclassification of caries, and thus a bias toward the null.
Our results suggested that high intake of maternal cheese during pregnancy may reduce the risk of dental caries in children. Higher intake of total dairy products, yogurt, and calcium during pregnancy tended to be associated with a lower risk of dental caries in children. Further studies are needed to replicate our findings and to clarify the mechanisms underlying the possible inverse associations between maternal intake of dairy products and calcium and the risk of dental caries in children.
